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Overview

In the 30 years since Nat Frazer first synthesized demographic information on Atlantic
loggerhead sea turtles (Caretta caretta), new information has been collected by a number of
NOAA Fisheries and academic researchers on sex ratios, population distribution, life history and
interactions with fisheries. Some of these data are being incorporated into recovery planning by
the new Loggerhead Recovery Team, and was used to update life cycle models (NMFS 2001).
However, there has not yet been an attempt to construct new models that include the specific
dynamics and interactions of the primary loggerhead subgroups, as defined by the Turtle Expert
Working Group (2000). There are number of critical questions to address, including: 1) the
relative contribution of the Northern nesting subpopulation to eastern U.S. nesting stocks,
primarily through the production of males, 2) the distribution of the Northern and South Florida
genetic stocks in pelagic and nearshore environments, which affects their mortality rates from
fisheries bycatch, and 3) the potential impacts of current and future management activities by
NOAA Fisheries on the genetic stocks and the population as awhole.

The first step will be to design and heuristically test amodel or series of models to explore these
guestions by synthesizing new information on age, growth, population size and distribution of
genetic stocks.

Objectives

1. Todevelop astage- and age-structured, 2-sex demographic model.

2. To run sensitivity analyses on the model and identify critical uncertainties

3. To synthesize new information on loggerhead sex ratio and growth from the 2002-2003
Duke University/Florida Atlantic University hatchling study, producing a preliminary
geographic distribution of abundance and sex ratio distributions for loggerhead hatchling
production on the eastern coast of the U.S. Cooperators are J. Wyneken (FAU), Larry
Crowder (Duke), Melissa Snover (PMEL, UC Santa Cruz).

Methods: Population model construction

The data generated by the sex ratio analysesis the key component of nhew population models to
assess the importance of multiple stressors on loggerhead turtle populations. The Pls have met
and discussed alternative model structures and approaches for analysis with Dr. Selina Heppell
of Oregon State University (under contract with the SE Fisheries Science Center of NOAA
Fisheries). The models will build on those devel oped by Melissa Snover, Larry Crowder and
Sheryan Epperly (NMFS 2002) and discussed in Heppell et al. (2003). They will include both
sexes and population structure in the form of stages that occur in different habitats. The goal of
the modeling exercise is to determine the relative contributions of Northern and Southern stocks
to population growth as a whole and to determine how stressors in particular environments
(beaches, open sea, nearshore) may affect population dynamics.

Model 1: Deterministic with fixed stage durations

This model utilizes 4 age-structured submodels: Northern males, Northern Females, Southern
Males, Southern Females. The 4 submodelsrun in parallel, allowing calculation of the



proportion of each stock and sex in each stage. Stages represent habitats and/or life stages, and
most have multiple age classesin astage. For thisversion, stage durations are fixed and the
models are deterministic. Reproduction is dependent on the proportion of males in the population.
Figure 1 shows the conceptual model with the 4 components. Each circle represents a stage with
adifferent number of age classes. Arrows represent reproduction or transition probabilities;
dashed lines are males, solid lines are females. The number of yearsin astage and survival rates
can be specific for male vs. female, Northern vs. Southern, although we are unlikely to have data
to support differential mortality. Reproduction occurs only in the 2 female submodels, but can be
afunction of the number of males from the North and South.

The model was constructed with Mathcad 2001 (pages 5-16). Dummy parameters have been
installed to alow the generation of the matrices and initial sensitivity analysis (elasticity of the
deterministic growth rate to changes in stage-specific survival).

Parameterization of these relatively simple models will require substantial effort. Data collected
from the EPA study (Wyneken and Crowder, analysisin prep) will go into the measures of
fertility: the number of male and female hatchlings produced in the North and South each year.
Post-hatchling survival will also be subpopulation specific, if data become available in 2004.
Growth rates (= stage durations) and survival rates will come from the literature and from in-
water survey data obtained from cooperators in Florida and North Carolina. The proportion of
turtles migrating to aternative locations (pelagic turtles to the Mediterranean and benthic turtles
to the North Atlantic, Florida and Gulf of Mexico) isadifficult problem because there is not
enough tagging information to determine the probability of settling in one location vs. another.
However, if we make the assumption of equal at-sea survival rates for juvenile males and
females from the North and South, we may be able to use genetic and sex ratio information from
surveys in each location to reconstruct those probabilities.

Sensitivity analysis will be critical for thismodel to a) assess the importance of uncertainty in
unknown parameters and b) calculate the relative contribution of each location-specific survival
rate to overall population growth (elasticity analysis- Caswell 2001). Heppell recommends a
combination of individual parameter sensitivity assessment and Monte Carlo approaches to
generate distributions of model outputs.

Continued work on this project in 2004 and 2005 will include a simplification of the model to
reduce the number of unknown parameters. Specifically, we will eliminate the geographic splits
for the pelagic and juvenile benthic life stages, and concentrate more on the effects of variable
stage lengths (caused by variable growth rates). Although the ssmple model will be less unwieldy,
it will not allow an assessment of the relative impacts of region-specific management, such as
TED effectivenessin the SE Atlantic states vs. the Gulf of Mexico.



Northern

LT
.- ’ ’ B
L2270 Med < o
LAd = \
2 W pelag [~ 4 )
7/ A ! :
' \ B
—-~\ "— \\
7/ \

I’ \\'
/ N |
I X / transi
post \ Lt SN S
|\ tion I’- -h‘ Atlan ' )
/ N * ’ /
. , y S

1
|\ hatch /l
\ 4 AT TS ) ! )
b A -, ~ \\_-‘/\ T
S-- R ‘ ' |
\\*,I NAtI ‘r . \\ /,—-‘\\ ,//
1
. pelag | oSG
\ \‘I ”
Lo of i
\\ Meyx ’
N .

S. Florida

,;':"“1:
’, - N )
L2270 Med N o -
) .
. A4 pelag l‘\\ ,' \\\
’
/ / * . ’ \
pr- N l\ , \ |
’ N ’ P \ |
¢ post [ transi ; FL ! ——-p! Adult
; ] \ tion r"™ Aflan " .

l\ hatch ' ' /I ‘\ ) / : |
| I - \ ( . - A .’
S ,/r - \\ \\_—’/| T -
ONAL Y ' ’

r ) ,
' pelag ! o et N s
\ y RN [
5 " v of ]
. Mex 4
N /,



Atlantic loggerhead model v. 2.1
Selina Heppell August 2004

ORIGIN° 1

This model utilizes 2 age-structured, 2-sex models: Northern females and males, Southern females and males. Both populations subdivide into different
stages that represent regional locations. Survival rates are based on location and are constant for juvenile life stages (male and female, both populations
Survival rates for adult males and females of each population are independent parameters. Growth rates (= stage lengths) can also be specific to each
population and sexes within populations. The 2 models run in parallel, allowing calculation of the proportion of each stock and sex in each stage.

Juvenile survival rates

post-hatchling (age 1-2) ?5 0
Mediterranean pelagic ¢%=
Atlantic pelagic 8-8 N
Transition pelagic s:= 2850
Mid Atlantic benthic ¢9+
Florida benthic $o7
Gulf benthic e9g
1.Northern nesting subpopulation primary sex ratio: PSRN := 0.7
proportion moving to "split" stages propMed1 := 0.2

propNA1 := 1- propMedl
propFL1 := 0.2
propGl:= 0.1

propN1 := 1- propFL1- propGl

female stage lengths: male stage lengths:
2 0 post-hatchling gel 0
¢3+ Mediterranean pelagic ¢+
84 T Atlantic pelagic g“ N
;.02 - Transition pelagic TNm:= g2 .
“c¢15+  Mid Atlantic benthic ¢12-+
812: Florida benthic gs N
Ci2+ Gulf benthic és8 g
S4p Adult (1st remigration interval)
Northern adult female survival Nadf := 0.93 Northern adult male survival Nadm := 0.93
reproduction - neophyte females reproduction - experienced females
FRNQ sex ratio (proportion female) PN
¢ O = eggs per nest ¢ 10 -
3+ ¢ a4 ~
fneo:_g N nests per female =g b I  foptoptopizy
§06 nest survival ¢ 06 2ET %
¢ Tg + remigration ¢ a4 +
ré % g hatchling survival to age 1 &5 g
FN1 := ((fneq*ne@inquinem)) %necg
FN2 = 1155

FN1 = 28.35



range variables: tph:=1.T1 IN:=Tp+To+ T+ Ta+ 1. T+ To+ T+ Ta+Ts Tph:=1.T1
tmed:=T1+1.T1+ T2 Tmed:=1..Ty
tap:= Ty+ Tp+ 1. T4+ To+ T3 tFi=T1+ T2+ T3+ Tg+T5+ 1. T1+ To+ T3+ Tg+T5+ T T 1T
ttp:=T1+ T2+ T3+ 1. T1+ T2+ T3+ T4 tG:i=T1+ T2+ T3+ T4+ T5+Te+ 1. T1+ T2+ T3+ T4+ T+ T+ T7 Ttp:=1..Ta
—1.7 TN:=1.Ts
q==1- tAd:=T1+ T+ T3+ T4+ Ts+ Te+ T7+ 1. Ty + T+ T3+ T4+ T+ T+ T7+ Tg
° TF:=1.Ts
adN1:=aTq+l -
adN2 = adN1 + Tg T6=1.T7

q

adN1 = 50
i:=1..adN2 Nz = S
matrix construction
) tF =
Mltphs1,tph = js1 i
P [26]
Ml(T1+1,T1) = jsppropMedl 127]
28
MI(1y41p) 7, = ISDXL- propMed) 129]
139] Tg=4
M1imed+1, tmed = j2 131
32
M1, 1.7, =0 133] adN2 = 54
|34]
— 35
MU TpToTgH), T, = 12 [36]
. 37
Mltap+1,tap = |8 —
Mlttp+1, ttp = j94
T+ T+ T3+ Tg+T5=25
MY(T Ty TgtT4t1) Ty Tt TaeT, = JSPPTOPNT
M1 ToHTgHT gt Tr) T T TgeT, = ISPPIOPFLL
M 1(T1+T2+T3+T4+T5|-T6+l) Tt T4 o+ T, jsppropGl
MLiN+1,IN = |5
MY 1T T+ T4#Ts = O
MLaNg, T+ T ToHT4#T5 = 1%
M1tF+1,tF = jS5
MY T Tt T T T = O
s=1s
MIagNg, T Ty THT 4+ T+ T == 19 Ty+ To+ T3+ Ta+Ts+ Te = 37 js5=09 propFL1= 0.2
MG+, 1G = js7

M1adN1, adN1- 1= |7
Mliad+1,tad := Nadf ~ M11 adng = FN1

M11 adN2 = FN2  Mlggn2, adnz := Nadf  adN1 = 50 rows(M1) = 54 colgM1) = 54
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sexratio:  pSRNm:= 1- pSRN pPSRNm = 0.3
Northern nesting subpopulation - males
proportion moving to "split" stages

stage lengths: propMed?2 := propMed1

post-hatchling propNA2 := 1 - propMed2
Mediterranean pelagic
Atlantic pelagic
T:=TNm Transition pelagic propG2 := propG1
Mid Atlantic benthic
Florida benthic

propFL2 := propFL1

propN2 := 1 - propFL2- propG2

Gulf benthic
iables: =
range variables tph:=1.Tq tN:=Tp+ To+ T3+ Tg+ 1. Ty+ To+ T3+ Tg+ Tg Tph:=1..T1
tmed:=T1+1.T1+ T2 Tmed:=1..T:
=1.T;
top = Ty + To+ 1. Ty + To+ Ta tFi=Ty+ T+ T3+ T4+ To+ 1. Ty+ To+ T3+ Tg+ T+ Tg Tap=1.Ts
ttp:=T1+ To+ T3+ 1. T1+ To+ T3+ Ty tG:=Ty+To+ T3+ T4+ Ts+ Te+ 1. T1+ To+ T3+ T4+ Ts+ T+ T7 Ttp:=1..Ta
g=1.7 TN:=1.Ts
o TF:=1..Tg
adl == a Tq+1
q TG:=1..T7
adl = 39
i=1.adl
matrix construction
M2tph+1, tph = jSL
M2(T1+1,T1) = jsppropMed2
M2(TpeT 1), Ty = S1XL- propMed?)
M2tmed+1, tmed = 2
M2 147,= 0
MAT 1T Tar1) TieT, = 12
M2tap+1,tap = I3
M2ttp+1, ttp == 4
T1+Tp+ T3+ Ty+T5=22
M2(TLHTpHT#T41) ToHToHTgHT, = ISWPIOPN2
M7 T Tt T4 THl), Ty Tp#TgeT, = JSPropFL2
M 2('|'1+T ATt TeHY), Ti+T o+ TgHTy = jsppropG2
M2(N+1,tN = jS5
M2} 14Tt To+T 4T = O
M2oqi1, Ty+T o+ TgHT 4#T5 = 1%
M2tF+1,tF = j5
M2 T Ty Tt T 4+ T5#T = O
MZwl,T]_+T2+T3+T4+T5+T5 =l T1+To+ T3+ Tg+ Ts+ Tg =30 jss=0.9 propFL2 = 0.2
M2iG+1,1G = js7
M2ad1, ad1 := Nadm
rows(M2) = 39 colgyM2) = 39

10

| 2 := max(Re(eigenval§M2)))

12=093



Put these two matrices together to make the Northern population matrix

M1zerqcols(M1) , cols(M2)) = 0 M2zero(cols(M2) , cols(M1)) = 0

Mrow1 := augmen(M1, M1zero Mrow2 := augmen({M2zero, M2)

NM := stack(Mrow1, Mrow2)

pSRNm = 0.3

NMagN2+1, adN1 := FN1pSRNm rows(NM) = 93

NMadN2+1, adN2 := FN2)pSRNm

cols(NM) = 93

8283 [84 85 |86 |87 |88 |89 |90 |91
76| o] o] o] o] o] o] o] o] o] o
77| o] o] o] o] o] o] o] o] o] o
78] o] o] o] o] o] o] o] o] of o
79] o o] o] o] o] o] o] o] of o
80| 0| 0| O| O| 0| O| O] 0| Of O
81| 0| 0| O| 0| 0| O| O] 0| Of O
M = :2 Og g g g g g g g g g IN := max(Re(eigenva$NM))) | N = 1.052
84| 0lo9] o] o] o] o] o] o] o] o
85| o] o] o] o] o] o] o o] o o
86| 0| 0] 0Jo9| o] o] o o 0| o
87| 0| 0| O| 0|0.9| 0| O] 0| Of O
88| 0| 0| O| 0| 0|0.9| O] 0| Of O
89| 0| 0| O| O| O| 0|09|] 0| Of O
90| o] o] o] o] o] o] olos| of o
91| o] o] o] o] o] o] o] oJos| o
. . T
WN = oagmvedw N = 1000000 WN = mMT'N)
Q dgenvedNM, I N) eigerwet(NM | N)l
1 1
110232 i 1 1 i := 1..col(M1) + col(M2)
2 [0.022 11234078.18 2| 2033
310,015 2| 22258.32 3 2969 j :=1..cols(M1) + colgM2)
2| 001 3| 15239 4| 433
5 0.089 ‘51 ;gggg';; 5 2121 29‘0349
WN =16 |0.068 WNN = : W=|6] 2788 ¢ 002 +
[7 [0.052 6| 6772888 7| 3665 ElastiN:= Elastl €0.109+
7| 5152232 N
8 (0.039 8 3919376 8 4.818 90.068;
9 [0.037 ST acose e 9| 6334 BlasN=F %
10| 0.03 10| 7.836 3027
11]0.017 1(1) izggégj 11| 822 80.11;
12[0.014 ' 12| 9612 o085+
13| 11.231 8028 g
0.25
02h -
5
g 015H .
=
S WwN;j
% 3
@ 01H _
8
&
0.05H -
0 HHH HHHHHHHHHHHWHMHWMM ﬁﬁﬁﬁﬁﬁ pebomee ponll ﬂnnﬂﬂﬂﬂﬂﬂnmmﬂ ﬁﬁﬁﬁﬁﬁﬁﬁﬁ R L
10 20 30 40 50 60 80 90 100
i
femT := 1..col(M1) maleT := cols(M1) + 1..cols(M1) + cols(M2)
NO := NswN
difem= 8 NOtemT o 2o 105 Amde= §  NOmaer dimdle=2.315" 10° ainsr:= A™E SR = 0.301
femT maleT alfem
o . 4 PRt admae
afem= NOpad+NOxnz adfem=238" 10"  admdle:= NOcois(M1)+colsMz)  admale= 1.217° 10 adNSR = adNSR = 0511

tAd
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2.Southern nesting subpopulation primary sex ratio: pSRS:= 0.85

proportion moving to “split" stages propMedl = 0.2

propNA1 :=1- propMedl
propFL1:= 0.5
propGl:= 0.3

propN1:=1- propFL1- propGl

female stage lengths: male stage lengths:
@9  posthatchling gel o
¢3+ Mediterranean pelagic ¢3+
¢4+  Atlantic pelagic g“ N
. gz +  Transition pelagic TNm:= 22 .
" 65+ Mid Atlantic benthic ¢l2=+
812: Florida benthic 58 N
G2+ Gulf benthic é8 g
S2p Adult (1st remigration interval)
SOuthern adult female survival Sadf := 0.93 Southern adult male survival Sadm:= 0.93
reproduction - neophyte females reproduction - experienced females
S0 sex ratio (proportion female) PRSY
¢ & - eggs per nest ¢ 110 -
¢ 3 = C 4 +
fneo= g o+ nests per female =gt L | 2pfpkopi
o5 nest survival ¢ 06 FRET %
G Tg * remigration ¢ 3 *
= . . C +
$ 25 p hatchling survival to age 1 e 25 g
FS1:= ((fneoﬂneogineoginem)) %neg
Sl = 255 FS2 = 187
range variables: tph:=1..T1 tN = Ty+ To+ T3+ Ta+ 1. T1+ To+ T3+ Ta+ Tg Tph:=1.T1
tmed:=T1+1.T1+ T2 Tmed:=1.T;
=1.T;
o= Ty + Tt 1. Ty + To+ Ta tFi=Ty+ T2+ T3+ T4+ T+ 1. T+ To+ T3+ T4+ Ts+ Te Tap=1.T
ttp:=T1+ Tp+ T3+ 1.T1+ T2+ T3+ Ta tG:i=Ty+To+ T3+ Tg+Ts+Te+ 1. T1+ To+ T3+ Tg+ T+ T+ T7 Ttp:=1.Ta
—1.7 TN:=1.Ts
q-=41- tAd:=T1+ To+ T3+ T+ Tg+ Te+ T7+ 1. T1+ To+ T3+ T4+ Tg+ Tg+ T7+ Tg
o TF:=1.Tg
adSl = Tg+1
q =
?. adS2 ;= adS1 + Tg 61Ty
adS1 = 50 adS2 = 52 tAd =
i=1.ads2

matrix construction

12



matrix construction

. tF =
M3tphs1, tph := js1 —
p p 26]
M3(T1+1,T1) = jsppropMedl 27|
23]
M3(T1+T2+1) T = js1%1 - propMedl) 129
30
M3tmed+1, tmed := |2 131
22|
M3 =0 33
i, T1+T, —
o 34
— 35
MI(T1TorTae1) Ty, = 12 36
37

M3tap+1,tap = i3 o
M3ttp+1,ttp = i1

T1+To+T3+Ty+T5=25
M3(TpeTaTorTgrt) TuvTprTaeT, = ISPPIOPNL

M3(T1+T2+T3+T4+T5+1) TyHTpHTgHT, = ISHPrOpFLL

M3(T1+T2+T3+T4+T5+T6+1) TiHTp+Tg+T, = 1SPPropGL
M3iN+1,tN = |5
M3

i, T1+To+T3+T4+Ts =0

M3adst, T T+ T T4#Ts = 1%

M3tF+1,tF == J

M3} T 4Tt T+ T+ Tt Tg = O

M3 =i _ L _
adSL, T1+T o+ T3+ T4+ T5+Te T1+ To+ T3+ T4+ T5+ Tg = 37 jss=0.9 propFL1 = 0.5

M3G+1,tG = jS7

M3adst, adsi- 1 1= js7
M3tad+1,tAd = Sadf M31, ads1 := FSL

M31 ads2:= FS2  M3ads2, ads? := Sadf adSl = 50 rows(M3) = 52 cols(M3) = 52

| 3 := max(Re(eigenva §M3))) | 3=1.081
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1 [337890.58
2 | 31256.28 1
3| 20817.62 5 I
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sexratio:  pSRSm:=1- pSRS pSRSm = 0.15
Southern nesting subpopulation - males
proportion moving to "split" stages
stage lengths: propMed2 := propMedi
post-hatchling propNA2 := 1- propMed2
Mediterranean pelagic

Atlantic pelagic propFL.2:= propFL1

T:=TNm Tr_ansition_pelagic_ propG2 := propGl
Mid Atlantic benthic
Florida benthic propN2 := 1 - propFL2- propGz
Gulf benthic
range variables: tph:=1..T1

IN:=T1+ T+ T3+ Tg+1.T1+ T2+ T3+ Tg+Ts
tmed:=T1+1..T1+ T2

=T+ To+ Tg+Tg+Tg+ 1. T1+ To+ Tg+ Tg+ Tg+
tapi= To+ To+ 1. T1+ To+ T3 tF:=Ty+To+ T3+ T4+ T5+ 1. Ty+ To+ T3+ T4+ T+ Tg

ttp:=T1+ T+ T3+ 1. T1+ T+ T3+ Ty tG:=T1+ T2+ T3+ T4+ T5+ T+ 1. T1+ T+ T3+ T4+ T+ Tg+ T7
q:=1.7

adl= § Tq+1
q adl = 39
i=1.adl
matrix construction
Mdtpht1,tph == jS1
M4(T1+1,T1) = jsppropMed2

MA(T 47 41), 7y = IS1XL - propMedd)

M4tmed+1, tmed = |2

0

M4 141,
MA(T T Tar) Ty, = 192
M4tap+1,tap == |
Mdttpr, ttp = 4

Ti+To+ T3+ Tg+T5=22
M4(T1+T2+T3+T4+l) THTo+TgiT, = JS4PropN2

MT LT T T T), Tos T TgeT, = ISPPIOPFL2

M T Tt Tt Tt Tor) T+ T Tt Ty jsppropG2
M4N+1,tN = J5

M4, T 4T+ TgHT4#Ts = O

MAad1, To+T o+ TgHT4+Tg = 1%

M4l tF = S5

M4, 0

T T T T TsHTe =

MAai, T T T+ Ty Tt Tg = 19 T1+ To+ T3+ Tg+ T5+ Tg = 30 jss =09 propFL2 = 0.5

M4G1,tG = js7

M4gg1, g1 := Sadm

rows(M4) = 39 colgM4) = 39

| 4 := max(Re(eigenval§M4)))
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Put these two matrices together to make the Southern population matrix

M3zerqcols(M3) , cols(M4)) = O

Mrow1 := augmen{M3, M3zerg

SM := stack(Mrow1, Mrow?2)

M4zerqcols(M4) , cols(M3)) = 0

Mrow?2 := augmen{M4zero, M4)

SMadspi1, adst := FSLPSRSM pSRSM=0.15 rows(SM) = 91 colg(SM) = 91
SMads2+1, adS2 := FS2)pSRSm
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Analysis of abundance trends and sex ratio contribution for L ogger head Reproductive
Units

Initial analysis of laparoscopy data from the Wyneken-Crowder study suggests highly variable
sex ratios for different beaches and among years. In general, there is less difference in the
primary sex ratio on northern vs. southern beaches than expected. However, thereis a strong
females bias for nearly al beachesin both years. Data analysisis still underway.

The next step isto determine the relative contribution of different nesting beaches to total
hatchling production for each sex, and to examine the trends in different nesting beaches over
time. Thiswill allow us to generate a qualitative time series of expected changesin sex ratio.
Working with the Loggerhead Recovery Team and Florida nesting data available on the web, |
examined trends in nest numbers for the Northern Recovery Unit (NRU — data supplied by Mark
Dodd, GA DNR) and for Florida counties (http://floridamarine.org). | also weighted the trends
according to the contribution of each beach to each year’ stotal, to see which trends were
contributing most to the total population trend. In general, the NRU has been declining slightly
over a 20 year period, driven strongly by recent declines in the number of nests counted at Cape
Island, SC. Florida nests have generally increased since 1989, although recent years suggest
stable or declining populations. The trends generated by the county nest totals are comparable to
those of index beaches; the totals shown here will be used to estimate relative contributions of
hatchlings over time (nests multiplied by mean egg survival). The largest contributions have
been from Brevard and Palm Beach counties.

Currently, we are gathering data from index beaches on the egg survival rate and nest incubation
durations to estimate the number of male and female hatchlings produced.
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Nortern reproductive unit - corrected data from Loggerhead Recovery Team

Cumberla 20-year

L.
Ham. Bald Caswell Edisto Edisto Hunting Blackbear

Beach SP  Onslow Bch Head Bch South Cape Kiawah  Bch SP Bch SP Fripp  Pritchards Wassaw Ossabaw d Jekyll nd

1983 36 42 148 36 104 667 132 49 93 95 124 91 61 114 126 56 107

1984 26 63 126 11 135 1224 169 121 97 157 113 103 71 110 199 125 104

1985 51 30 132 62 109 796 136 69 80 88 176 69 66 114 184 67 125

1986 47 32 195 41 88 1264 176 114 103 41 172 113 48 100 234 77 109

1987 30 24 94 39 58 825 156 54 46 23 63 57 23 114 110 77 54

1988 17 35 112 47 154 948 156 56 87 31 82 176 43 56 120 77 53

1989 30 30 108 28 92 782 84 26 51 57 51 103 41 83 150 40 46

1990 37 45 182 81 234 1361 228 128 101 93 89 174 61 141 217 74 71

1991 44 44 181 70 170 1061 201 116 129 80 64 121 100 181 208 88 83

1992 42 20 136 68 172 1058 178 104 75 130 27 118 93 132 150 75 35

1993 15 32 71 19 33 579 100 24 38 52 8 41 35 59 56 42 38

1994 34 59 120 100 267 1228 215 149 117 113 9 67 104 192 265 98 55

1995 12 26 88 35 129 907 141 35 49 87 19 113 79 125 122 79 34

1996 23 52 99 70 231 866 209 84 81 55 31 142 138 176 173 90 25

1997 17 19 75 50 122 499 167 49 46 36 8 53 60 107 127 87 25

1998 8 44 88 46 229 828 213 54 68 55 68 169 69 178 178 117 26

1999 46 42 107 86 166 938 262 63 137 55 40 134 125 295 193 136 30

2000 19 41 44 55 125 615 242 54 49 34 37 107 82 187 145 93 41

2001 9 46 77 59 94 536 161 44 67 43 43 65 75 102 135 87 21

2002 16 42 72 40 89 878 191 60 94 49 24 94 56 154 177 129 30

2003 10 52 77 75 99 837 228 87 63 67 54 124 115 190 212 204 56
slope -0.05858 0.008804145 -0.04102 0.033943 0.008183 -0.01578 0.021794 -0.01224 -0.01045 -0.02117 -0.08058 0.003074 0.03261 0.031728 0.002367 0.033603 -0.06853
trend est (lambda)  0.943101 1.008843016 0.95981 1.034526 1.008217 0.984344 1.022033 0.987835 0.989604 0.979054 0.922577 1.003079 1.033148 1.032237 1.00237 1.034174 0.933764
SE of slope 0.016826 0.0121079 0.009834 0.01774 0.018249 0.009776 0.009259 0.018679 0.013482 0.017805 0.028584 0.014921 0.014569 0.012913 0.012587 0.01152 0.012765
r-square 0.389485  0.02707464 0.478024 0.161553 0.010472 0.120588 0.225757 0.022099 0.030651 0.069247 0.294931 0.002229 0.208668 0.241126 0.001857 0.309287 0.602696
F 12.12127 0.528733425 17.40013 3.660941 0.20107 2.605348 5.54009 0.42937 0.600778 1.413583 7.947725 0.04245 5.010151 6.037095 0.035357 8.507827 28.8223
df 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19

sig at p<0.05 * * * * * * *
sig at p<0.1 * * * * * * * *

slope of line fitted to In(nests)
error bar = s.e. (slope)

20 year trends for NRU beaches
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Total
2081
2954
2354
2954
1847
2250
1802
3317
2941
2613
1242
3192
2080
2545
1547
2438
2855
1970
1664
2195
2550

-0.006
0.9933
0.0093
0.0261
0.5099

2550
67
54
38
38
52
19 alpha=5%
alpha=10¥

4.38
2.99
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Proportion of total by year

Cumberla 20-year
Total

L
Ham. Bald Caswell Edisto Edisto Hunting Blackbear
Beach SP  Onslow Bch Head Bch South Cape Kiawah  Bch SP Bch SP Fripp  Pritchards Wassaw Ossabaw d Jekyll nd
1983 0.017299 0.020182605 0.07112 0.017299 0.049976 0.320519 0.063431 0.023546 0.04469 0.045651 0.059587 0.043729 0.029313 0.054781 0.060548 0.02691 0.051418
1984 0.008802 0.021327014 0.042654 0.003724 0.045701 0.414353 0.057211 0.040961 0.032837 0.053148 0.038253 0.034868 0.024035 0.037238 0.067366 0.042316 0.035206
1985 0.021665 0.012744265 0.056075 0.026338 0.046304 0.338148 0.057774 0.029312 0.033985 0.037383 0.074766 0.029312 0.028037 0.048428 0.078165 0.028462 0.053101
1986 0.015911 0.010832769 0.066012 0.013879 0.02979 0.427894 0.05958 0.038592 0.034868 0.013879 0.058226 0.038253 0.016249 0.033852 0.079215 0.026066 0.036899
1987 0.016243 0.012994044 0.050893 0.021115 0.031402 0.44667 0.084461 0.029237 0.024905 0.012453 0.034109 0.030861 0.012453 0.061722 0.059556 0.041689 0.029237
1988 0.007556 0.015555556 0.049778 0.020889 0.068444 0.421333 0.069333 0.024889 0.038667 0.013778 0.036444 0.078222 0.019111 0.024889 0.053333 0.034222 0.023556
1989 0.016648 0.016648169 0.059933 0.015538 0.051054 0.433962 0.046615 0.014428 0.028302 0.031632 0.028302 0.057159 0.022752 0.04606 0.083241 0.022198 0.025527
1990 0.011155 0.013566476 0.054869 0.02442 0.070546 0.410311 0.068737 0.038589 0.030449 0.028037 0.026831 0.052457 0.01839 0.042508 0.065421 0.022309 0.021405
1991 0.014961 0.014960898 0.061544 0.023801 0.057803 0.360762 0.068344 0.039442 0.043863 0.027202 0.021761 0.041142 0.034002 0.061544 0.070724 0.029922 0.028222
1992 0.016073 0.007654038 0.052047 0.026024 0.065825 0.404899 0.068121 0.039801 0.028703 0.049751 0.010333 0.045159 0.035591 0.050517 0.057405 0.028703 0.013395
1993 0.012077 0.025764895 0.057166 0.015298 0.02657 0.466184 0.080515 0.019324 0.030596 0.041868 0.006441 0.033011 0.02818 0.047504 0.045089 0.033816 0.030596
1994 0.010652 0.018483709 0.037594 0.031328 0.083647 0.384712 0.067356 0.046679 0.036654 0.035401 0.00282 0.02099 0.032581 0.06015 0.08302 0.030702 0.017231
1995 0.005769 0.0125 0.042308 0.016827 0.062019 0.436058 0.067788 0.016827 0.023558 0.041827 0.009135 0.054327 0.037981 0.060096 0.058654 0.037981 0.016346
1996 0.009037 0.02043222  0.0389 0.027505 0.090766 0.340275 0.082122 0.033006 0.031827 0.021611 0.012181 0.055796 0.054224 0.069155 0.067976 0.035363 0.009823
1997 0.010989 0.012281836 0.048481 0.032321 0.078862 0.32256 0.107951 0.031674 0.029735 0.023271 0.005171 0.03426 0.038785 0.069166 0.082094 0.056238 0.01616
1998 0.003281 0.01804758 0.036095 0.018868 0.093929 0.339623 0.087367 0.022149 0.027892 0.022559 0.027892 0.069319 0.028302 0.073011 0.073011 0.04799 0.010664
1999 0.016112 0.014711033 0.037478 0.030123 0.058144 0.328546 0.091769 0.022067 0.047986 0.019264 0.014011 0.046935 0.043783 0.103327 0.067601 0.047636 0.010508
2000 0.009645 0.020812183 0.022335 0.027919 0.063452 0.312183 0.122843 0.027411 0.024873 0.017259 0.018782 0.054315 0.041624 0.094924 0.073604 0.047208 0.020812
2001 0.005409 0.027644231 0.046274 0.035457 0.05649 0.322115 0.096755 0.026442 0.040264 0.025841 0.025841 0.039063 0.045072 0.061298 0.08113 0.052284 0.01262
2002 0.007289 0.019134396 0.032802 0.018223 0.040547 0.4 0.087016 0.027335 0.042825 0.022323 0.010934 0.042825 0.025513 0.070159 0.080638 0.05877 0.013667
2003 0.003922 0.020392157 0.030196 0.029412 0.038824 0.328235 0.089412 0.034118 0.024706 0.026275 0.021176 0.048627 0.045098 0.07451 0.083137  0.08 0.021961
average 0.011452 0.016984289 0.04736 0.022681 0.057624 0.379016 0.077357 0.029801 0.033437 0.029067 0.025857 0.045268 0.03148 0.059278 0.070044 0.039561 0.023731
slope weighted by average contribution

-0.00067 0.000149532 -0.00194 0.00077 0.000472 -0.00598 0.001686 -0.00036 -0.00035 -0.00062 -0.00208 0.000139 0.001027 0.001881 0.000166 0.001329 -0.00163

Slopes weighted by proportion of total
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FLA county trends
are these technically in the NRU?

INDIAN PALM MIAMI-
NASSAU |DUVAL ST JOHNS|FLAGLER  [VOLUSIA  |BREVARD |RIVER ST LUCIE |MARTIN [BEACH |BROWARD |DADE MONROE |COLLIER [LEE CHARLOTTE  |SARASOTA  |[MANATEE [PINELLAS [TOTAL
1988 60 43 91 165 1339 13181 1937 3236 8183 5573 1349 219 129 276 221 167] 837 80 56 37142
1989 50 20 155 215 1433 19589 2383 3815 9407 7830 1791 325 60| 176 199 390 1158| 1814 92 49269
1990 85 43 363 343 1766 27673 2425 4911 10626 12394 2283 390 180 407 478 356 1451 179 144 66497
1991 116 40 156 190 1719 28279 3401 5146 10798 11919 2033 439 132] 605 559 483 1976 180 175 68346
1992 82 29 211 178 1457 25555 2786 4981 8095 14357 2230 367 110] 560 448 492 2344 179 142 64603
1993 33 30 135 184 1757 20600 2792 4325 9376 9424 2267 392 110] 556 487 538] 1916 203 105 55230
1994 110 78 300 300 2131 28029 3044 4934 11258 12606 2180 445 1714 1142 691 622] 2543 228 138 70950
1995 60 54 265 270 2044 31653 3468 5812 11606 14123 2567 470 421 1060 700 1072 3502 354 229 79730
1996 105 69 204 227 1889 28742 3645 6197 9304 15284 2902 448 300 1148] 686 1000 3064 303 223 75740
1997 76 63 212 175 1273 25221 3371 4587 7894 11592 2216 415 331 1104] 594 1051 3438 306 181 64100
1998 112 72 360 270 2078 34596 4491 6601 10174 14056 2643 545 349 1352 865 1389 4146 398 233 84730
1999 148 119 274 237 2263 34134 3591 5864 9380 13182 2584 516 310} 1260 851 1009 3316 436 172 79646
2000 105 80 283 336 2208 32910 5104 6586 10322 14187 2674 516 347 1357 935 1090 3562 357 279 83238
2001 89 87 272 278 1679 26198 3380 5650 8207 13757 2321 496 270 954 660 775] 3211 306 195 68785
2002 61 55 313 338 1859 23492 3648 5051 6850 13032 2070 374 99| 736 560 656 2584 180 227 62185
2003 142 88 334 353 1710 22994 3772 4404 6927 12963 2335 489 301 1147 617 597] 2814 298 284 62569
slope 0.036486 0.076099283 0.053317 0.03270534 0.01624427 0.02305374 0.040218 0.022258 -0.01429 0.034161 0.02166234 0.031985 0.069186 0.0980962 0.064587 0.077979027 0.073120804 0.06182406 0.07315082 0.02389
trend est (lambda) 1.037159 1.079069702 1.054764 1.03324603 1.01637693 1.02332153 1.041037 1.022507 0.985812 1.034751 1.02189867 1.032502 1.0716355 1.1030689 1.066718 1.081099984 1.075860497 1.06377517 1.0758928 1.024177
SE of slope 0.020434 0.017668674 0.016825 0.01216297 0.00894268 0.01227331 0.008288 0.009178 0.00833 0.011657 0.00835542 0.009274 0.0269648 0.0217764 0.017219 0.022211484 0.015707171 0.01772317 0.01447332 0.009996
r-square 0.185479 0.569897732 0.417681 0.3405661 0.19073405 0.20128927 0.627133 0.295822 0.17368 0.380199 0.32437707 0.459322 0.319837 0.5917451 0.501238 0.468193895 0.607528173 0.46500278 0.64597094 0.289747
F 3.188025 18.55039802 10.04181 7.23033101 3.29962821 3.52824835 23.54688 5.881343 2.94259 8.587901 6.72161772 11.89342 6.5833005 20.292301 14.0695 12.32538413 21.67135021 12.1683602 25.5447759 5.711298
df 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14
sig at p<0.05 * * * * * * * * * * * * * * * *
sig at p<0.1 * * * * " * * * * * * * * * * * * *
alpha=5% 4.6
Proportion of total by year alpha=10% 3.25

16 'year trends for FLA county beaches
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Proportion of total by year alpha=10%

DIAN PALM MIAMI-
NASSAU |DUVAL |STJOHNS|FLAGLER |VOLUSIA |BREVARD FIL\:VER |STLUCIE |MARTIN |BEACH |BROWARD |DADE |MONROE |COLLIER |LEE |CHAR-LOTTE SARASOTA |MANATEE |F'INELLAS
1988 0.001615 0.001157719 0.00245 0.00444241 0.03605083 0.35488127 0.052151 0.087125 0.220317 0.150046 0.03632007 0.005896 0.0034732 0.0074309 0.00595 0.004496258 0.022535135 0.0021539 0.00150773
1989 0.001015 0.000405935 0.003146 0.0043638 0.02908523 0.39759281 0.048367 0.077432 0.190931 0.158923 0.03635146 0.006596 0.0012178 0.0035722 0.004039 0.007915728 0.023503623 0.00367371 0.0018673
1990 0.001278 0.000646646 0.005459 0.00515813 0.02655759 0.41615411 0.036468 0.073853 0.159797 0.186384 0.03433238 0.005865 0.0027069 0.0061206 0.007188 0.005353625 0.021820533 0.00269185 0.00216551
1991 0.001697 0.000585257 0.002283 0.00277997 0.02515144 0.41376233 0.049762 0.075293 0.15799 0.174392 0.02974571 0.006423 0.0019313 0.008852 0.008179 0.007066983 0.028911714 0.00263366 0.0025605
1992 0.001269 0.000448896 0.003266 0.00275529 0.02255313 0.39556987 0.043125 0.077102 0.125304 0.222234 0.03451852 0.005681 0.0017027 0.0086683 0.006935 0.007615745 0.036283145 0.00277077 0.00219804
1993 0.000598 0.000543183 0.002444 0.00333152 0.03181242 0.3729857 0.050552 0.078309 0.169763 0.170632 0.04104653 0.007098 0.0019917 0.010067 0.008818 0.009741083 0.034691291 0.00367554 0.00190114
1994 0.00155 0.001099366 0.004228 0.00422833 0.03003524 0.39505285 0.042903 0.069542 0.158675 0.177674 0.03072586 0.006272 0.0024101 0.0160958 0.009739 0.008766737 0.035842142 0.00321353 0.00194503
1995 0.000753 0.000677286 0.003324 0.00338643 0.02563652 0.39700238 0.043497 0.072896 0.145566 0.177135 0.03219616 0.005895 0.0052803 0.0132949 0.00878 0.013445378 0.043923241 0.00443998 0.00287219
1996 0.001386 0.000911011 0.002693 0.0029971 0.02494059 0.37948244 0.048125 0.081819 0.122841 0.201796 0.03831529 0.005915 0.0039609 0.0151571 0.009057 0.013203063 0.040454185 0.00400053 0.00294428
1997 0.001186 0.000982839 0.003307 0.00273011 0.01985959 0.39346334 0.05259 0.07156 0.123151 0.180842 0.03457098 0.006474 0.0051638 0.0172231 0.009267 0.016396256 0.053634945 0.00477379 0.00282371
1998 0.001322 0.000849758 0.004249 0.00318659 0.02452496 0.40830875 0.053004 0.077906 0.120076 0.165892 0.0311932 0.006432 0.004119 0.0159566 0.010209 0.016393249 0.048931901 0.00469727 0.00274991
1999 0.001858 0.001494111 0.00344 0.00297567 0.02841323 0.42857143 0.045087 0.073626 0.117771 0.165507 0.03244356 0.006479 0.0038922 0.01582 0.010685 0.012668558 0.041634231 0.00547422 0.00215956
2000 0.001261 0.000961099 0.0034 0.00403662 0.02652635 0.39537231 0.061318 0.079123 0.124006 0.170439 0.03212475 0.006199 0.0041688 0.0163027 0.011233 0.013094981 0.042792955 0.00428891 0.00335183
2001 0.001294 0.001264811 0.003954 0.00404158 0.02440939 0.38086792 0.049139 0.08214 0.119314 0.2 0.03374282 0.007211 0.0039253 0.0138693 0.009595 0.011266991 0.046681689 0.00444864 0.00283492
2002 0.000981 0.000884458 0.005033 0.00543539 0.02989467 0.37777599 0.058664 0.081225 0.110155 0.209568 0.03328777 0.006014 0.001592 0.0118357 0.009005 0.010549168 0.041553429 0.00289459 0.0036504
2003 0.002269 0.001406447 0.005338 0.00564177 0.02732983 0.36749828 0.060285 0.070386 0.11071 0.207179 0.0373188 0.007815 0.0048107 0.0183318 0.009861 0.009541466 0.044974348 0.00476274 0.00453899
average 0.001333 0.000894926 0.003626 0.00384317 0.02704881 0.39214636 0.04969 0.076834 0.142273 0.182415 0.03426462 0.006392 0.0032717 0.0124124 0.008659 0.010469704 0.038010532 0.0037871 0.00262944

slope weighted by average contribution

4.86E-05 6.81033E-05 0.000193 0.00012569 0.00043939 0.00904044 0.001998 0.00171 -0.00203 0.006231 0.00074225 0.000204 0.0002264 0.0012176 0.000559 0.000816417 0.002779361 0.00023413 0.00019235

Slopes weighted by proportion of total

0.01

0.008

0.006

0.004

0.002

0 = = |_| D::DDDH::

-0.002

-0.004
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Correlations (uncorrected)

NASSAU DUVAL ST JOHNS FLAGLER VOLUSIA BREVARD DIAN RIVEST LUCIE _MARTIN ALM BEAC BROWARD IIAMI-DADI MONROE _ COLLIER LEE CHARLOTTE _ SARASOTA MANATEE _PINELLAS  TOTAL
NASSAU 1
DUVAL 0.763896 1
ST JOHNS 0.488167 0.535645335 1
FLAGLER 0.344013 0.432834874 0.851222 1
VOLUSIA 0.48494 0.602956518 0.564822 0.54992654 1
BREVARD 0.579191 0.55487843 0.616484 0.35954225 0.7729888 1
INDIAN RIVER 0.511066  0.58515742 0.521473 0.46295734 0.63721912 0.727792 1
ST LUCIE 0.469625 0.534638295 0.546461 0.36623726 0.74674392 0.91836513 0.819736 1
MARTIN 0.061846 -0.057174806 0.083961 0.04837143 0.52655366 0.52434111 0.094448 0.378966 1
PALM BEACH 0.51592 0.492506255 0.663759 0.46333181 0.57228998 0.81256889 0.690883 0.85042 0.14414 1
BROWARD 0.452761 0.528969702 0.536336 0.35756632 0.67222508 0.83156848 0.725763 0.876418 0.282414 0.858653 1
MIAMI-DADE 0.656212 0.711285881 0.644816 0.46248446 0.71488024 0.86501465 0.824652 0.834229 0.283125 0.782007 0.8399457 1
MONROE 0.443055 0.659875625 0.458649 0.28799088 0.46605597 0.6687473 0.66964 0.669426 0.214717 0.576102 0.7151527 0.731429 1
COLLIER 0.635174 0.818593345 0.56178 0.38615579 0.66509326 0.74907194 0.841733 0.761181 0.127651 0.713033 0.77758435 0.861062 0.8312602 1
LEE 0.620589 0.765783052 0.613703 0.44803048 0.81076759 0.8832797 0.880594 0.890737 0.294178 0.776365 0.83392406 0.917594 0.7638245 0.9349563 1
CHARLOTTE 0.348541  0.57380829 0.445913 0.18580334 0.56261333 0.78454304 0.812944 0.826866 0.207313 0.656188 0.79625977 0.78936 0.8335739 0.8679233 0.846223 1
SARASOTA 0.453781 0.670186266 0.549982 0.29435113 0.55462961 0.78041589 0.846203 0.821745 0.079871 0.773211 0.79832783 0.858443 0.8356369 0.9275876 0.892765 0.949869046 1
MANATEE 0.548766  0.75857654 0.511528 0.28328216 0.64014911 0.80634936 0.756104 0.774814 0.202001 0.641928 0.81499053 0.885406 0.8648901 0.875969 0.864331 0.904647224  0.89703952 1
PINELLAS 0.51729 0.556910254 0.648146 0.63332816 0.50685397 0.62269666 0.882656 0.706498 -0.06138 0.775612 0.71466927 0.770108 0.699098 0.7692671 0.757619 0.678714786 0.781272618 0.66999584 1
TOTAL 0.563747 0.583737223 0.636397 0.41294714 0.78284877 0.98273896 0.797145 0.95332 0.463889 0.872929 0.88898149 0.900135 0.7230282 0.8190946 0.925342 0.829808761 0.846382516 0.82856486 0.71858425 1
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